Abstract
Introduction

95
Cardiovascular disease (CVD) is a leading cause of mortality worldwide, accounting for 96 more than 17 million deaths annually. 1 Up to 50% of all such deaths are sudden, 2 
97
highlighting sudden cardiac death (SCD) as a public health concern. Considerable variation 98 in rates of SCD exists ranging from 60 to >150 per 100,000 person-years in the United States 99 (US) 3, 4 and varying from 40 to 100 per 100,000 person-years in Europe and Asia. [5] [6] [7] [8] Such 100 differences are likely due to varied data sources and different methods of case ascertainment.
101
New strategies for SCD case ascertainment such as use of routinely collected administrative 102 morbidity and mortality data, offer an opportunity to derive estimates of SCD rates over time 103 and thereby advance our knowledge and provide a platform for its prevention. Australia (WA) estimated the out-of-hospital cardiac arrest rate at 60.2 per 100,000 person-107 years. 9 An earlier small Australian study estimated the out-of-hospital SCD rate at 40 per 108 100,000 person-years in 25-94 year-olds. 10 Additionally, two Australian and New Zealand 109 studies report low rates of SCD in 1-35 year-olds (1.1 per 100,000 person-years) 11 and 0-40 110 year-olds (2.0 per 100,000 person-years) respectively. 12 The contrasting age-specific 111 difference in rates of SCD is likely explained by the disparities in underlying mechanisms 112 that occur with age, methodologies for case ascertainment, and definitions of SCD. 13 
114
Improving our knowledge of SCD is contingent upon having a consistent, reliable and 115 measurable definition. The widely accepted definition of SCD is unexpected natural death 116 that occurs within one hour from the onset of symptoms if death is witnessed, and within 24 117 hours of being seen alive and well when unwitnessed. 14 However, this definition is difficult 118 to apply due to determining the precise timing from symptom onset to cardiac collapse and the fact that many SCD cases go unwitnessed, 5, 15 despite many of them occurring at home. 7 
120
As argued by others, 14 the definition of SCD should be less specific and sufficiently flexible 121 for an epidemiological study that sheds light on the general population rather than individual 122 cases. Further, there is no national registry for SCD in Australia, and thus the population 123 impact of this life-ending event is poorly understood. 
Methods
134
Population
135
In 2010, the population of WA was 2.3 million, 75% of whom resided in the capital city,
136
Perth. 16 Net overseas and interstate migration rates are low and estimated at 1 failure, myocarditis, endocarditis, pericarditis, valvular heart disease, pulmonary heart disease, 182 rheumatic heart disease, and congenital heart disease 3, 15 (Supplementary Table 1 
Cause of death
242
The distribution of the recorded underlying COD for SCD is shown in Table 2 . Overall, IHD 243 was recorded as the underlying cause in 87.2% of cases. The most common underlying COD 244 in 1-34 year-olds was IHD (43.2% of cases). Rheumatic heart disease, congenital heart 245 disease, pulmonary heart disease, myocarditis, endocarditis, pericarditis, and hypertrophic 246 cardiomyopathy were more common in the younger group. 
247
Sensitivity analyses
259
The estimated overall crude rate of SCD was higher (100.6 per 100,000 person-years vs 34.6 260 per 100,000 person-years) when only underlying COD was used for identification of cases 261 occurring outside hospital. Additionally, the estimated rate of SCD reduced to 62.9 per 100,000 person-years in cases aged ≥35 years, when the cases with prior hospitalisations for 263 heart failure (n=769), valvular heart disease (n=230), implantable cardiac defibrillator (n=39) 264 or any combination of the three aforementioned (n=36) were excluded.
266
Discussion
267
We have estimated the ASR of probable SCD in WA in a population of around 2 million, 268 using a 14-year study period of person-linked administrative morbidity and mortality data. The rate of SCD in our WA study was relatively low compared to previous studies that used a 276 population-level approach (Table 3) . Age and sex differences across studies complicate 277 comparison of crude rates of SCD. Despite recalculating our rates using methods comparable 278 to the reported studies, disparities persisted. Our estimated rate in WA is around one third of 279 the US's, half of the Netherland's, yet is approximately 1.4 times higher than that of Northern £ Standard population and/or study population described in each corresponding study for rate calculation as the denominator § Comparable WA age-283 standardised rates were calculated using the standard population, age groups, and calendar years from each corresponding study; # only calculated for our 284 study period of 1997-2010; † WA crude rates were calculated using the WA population under the same study duration and age range from each corresponding 285 study;
‡ calculated and estimated according to the literature 286 Different methodology for case ascertainment is likely to account for some of the reported 287 variation in the rates of SCD worldwide. A death-certificate based approach relying on 288 disease codes for case ascertainment is a common method. It offers objective mortality 289 information and provides uniform data where standard disease coding guidelines are 290 employed. However, a validation study of the 'death certificate' method overestimated the 291 SCD rate by 200 to 300 percent. 15 In contrast, when multiple data sources (death certificates, 292 hospital records, next-of-kin interviews, and/or autopsy reports) were used for case 293 ascertainment, 5, 15 the rates of SCD reported (50 and 100 per 100,000 person-years) are 294 considered more accurate. When using only underlying COD to identify SCD in our study, The rates of SCD in our study are lower than in those studies using 298 the most comparable data sources (national mortality statistics). 3, 13 However, differences in Given current knowledge of the complex pathophysiological mechanisms of SCD, 11, 13, 22 we 306 are likely to enhance SCD case ascertainment by considering multiple criteria for underlying 307 COD. Life-threatening conditions including fatal arrhythmias are an important 308 pathophysiological mechanism precipitating SCD, 11, 22 and integral to capturing cases.
309
However, alone it would provide a lower estimate of SCD due to many SCD cases being 310 unwitnessed 5, 15 and the challenges of assigning death due to arrhythmia or asystole. 5, 22 is that SCD occurs earlier in men. This suggests males may have specific risk 325 factors that predispose to SCD which warrants further investigation. Further research 326 exploring the factors contributing to the differences in the rates of SCD would provide 327 insights into the potential for prevention.
329
In our study and elsewhere, 3, 5 IHD was the most common underlying COD, with MI recorded We used high-quality person-linked administrative morbidity and mortality data and applied 342 four criteria based on best available evidence to derive population-wide estimates of SCD. 
CONCLUSIONS
353
Administrative morbidity and mortality data can be used to estimate age-standardised and 354 age-specific rates of probable SCD and therefore provide a new method for monitoring SCD. 
